Vulnerability and adaptation to climate change has become a dominant theme in development and conservation research and work. Yet coastal communities are facing a wider array of different stressors that affect the sustainability of natural resources and the adaptive capacity of local residents. The ability of communities and households to adapt is influenced by the nature, number, and magnitude of the changes with which they have to contend. In this paper, we present the range of 36 socio-economic (i.e., economic, social, governance and conflict) and biophysical (i.e., climate change and other environmental) stressors that emerged from qualitative interviews in 7 coastal communities on the Andaman coast of Thailand. These stressors were then integrated into a quantitative survey of 237 households wherein participants were asked to rate the level of impact of these stressors on household livelihoods. Ratings showed that economic and some climate change stressors -extreme weather events and changes in rainfall patterns and seasons -were scored higher than other stressors. The paper also examines the relationships between community and various individual and household characteristicssuch as gender, age, livelihoods, levels of social capital, and socio-economic status -and the perceived level of impacts of various stressors on household livelihoods. Overall, community and livelihoods had the most differentiated impacts on perceptions of stressors but few other prominent patterns emerged. In conclusion, this paper discusses the implications of the results for current climate change vulnerability and adaptation policy and practice in Thailand and elsewhere.
Introduction
Climate change related events, including ocean warming, sea level rise, more intense storms, storm surges, changes in ocean circulation, and ocean acidification, threaten the health and productivity of marine ecosystems and the well-being of coastal communities (Brierley & Kingsford, 2009; Hoegh-Guldberg & Bruno, 2010; Parry & IPCC, 2007) . Coastal and island communities are particularly vulnerable to the impacts of climate change due to their direct reliance on the goods and services provided by marine ecosystems, the proximity of houses and infrastructure to rising seas and extreme weather events, and the increasing unpredictability of weather patterns. For this reason, a significant amount of attention has been paid to climate change vulnerability and adaptation policy and practice relating to this context (Klein & Patt, 2012; Marshall et al., 2010; McClanahan & Cinner, 2011; USAID, 2009; Wongbusarakum & Loper, 2011) .
However, the climate change adaptation discourse has become so dominant in conservation and development policy and practice that practitioners and policy makers may neglect to incorporate the wide array of stressors that are facing coastal communities. The stressors facing coastal communities, and associated ecosystems, include social, economic, institutional, political, demographic, livelihood, and other environmental changes (Perry et al., 2010; Zou & Wei, 2010) . Many authors have argued that it is important to understand the interactions between global environmental changes, including climate Vulnerability to Multiple Stressors 2 change, and other social, economic, and political changes occurring at multiple spatial and temporal scales in order to create effective adaptation policy (e.g., O'Brien & Leichenko, 2000; Silva et al., 2010; Turner et al., 2003) . Hjerpe and Glass (2012, p 471) , for example, state that the omission of socioeconomic stress "leads to critical weakness in local adaptation strategies". A nuanced understanding of the multiple stressors facing communities and coastal ecosystems can allow for the design and prioritization of adaptive strategies to address one or more stressors in order to reduce overall vulnerability of communities.
Similar to elsewhere in the world, coastal communities on the Andaman coast of Thailand have experienced rapid social, economic, environmental, and climatic changes, which will be described in detail later in the paper. It is within this context of rapid socio-economic and biophysical change that the current study was conducted. This particular study is part of a broader project that explored the impacts of climate change on communities, the relationship between local communities and marine protected areas, and the adaptive capacity of communities (see also Bennett, 2013; Bennett & Dearden, 2013a , 2013b Bennett, Dearden, Murray & Kadfak, in press) . In order to set the context for explorations of adaptive capacity and to understand how significant climate change is perceived to be, we explored the broader array of changes and stressors that communities are experiencing. This paper focuses on qualitative perceptions of the stressors that communities are exposed to, quantitative perceptions of how sensitive households are to these stressors, and potential differential impacts of stressors across communities, households, and groups.
The paper proceeds as follows. First, it briefly reviews theory from the extensive literature on vulnerability, including an introduction to exposure, sensitivity, and adaptive capacity, and describes the context and study sites. Subsequently, we explain the methods used in this study including interviews and surveys followed by an examination of qualitative descriptions of stressors from the interviews, quantitative ratings of stressors from household surveys, relationships between community and household and individual characteristics and perceived impacts. In conclusion, we discuss the implications of these results for climate change adaptation policy and practice related to both development and conservation in Thailand.
Theoretical Framework: Vulnerability to Multiple Stressors
Recent academic and applied literatures on global environmental change, marine conservation, and fisheries have focused extensively on vulnerability (e.g., Füssel, 2007; Adger & Kelly 2001; McClanahan & Cinner, 2011; Parry & IPCC, 2007) . Vulnerability is currently conceptualized in several ways (Adger, 2006) . In the first view, the focus of vulnerability analysis is on the "end-point" impacts of climate change and the effectiveness of adaptation measures (Ensor & Berger, 2009; Kelly & Adger, 2000) . The goal of this approach is to estimate and reduce the costs of climate change impacts. The second view of vulnerability emphasizes the "starting point" through examinations of the characteristics of households, communities, or regions that make them susceptible to change. For example, Vogel (1998, p 15 ) saw vulnerability as a "function or characteristic of people and groups that influences their capacity to anticipate, cope with, resist, and recover from the impacts of change" and the IPCC defines vulnerability as "the degree to which a system is susceptible to, or unable to cope with, adverse effects of climate change" (McCarthy & IPCC, 2001, p 995) . These and similar definitions of vulnerability position it in such a way that it is either akin to or the flipside of adaptive capacity (defined below).
The third way of seeing vulnerability is more comprehensive and integrated -conceptualizing vulnerability as a function of interactions between three elements: exposure, sensitivity, and adaptive capacity (Adger, 2003; Marshall et al., 2010; Tuler et al., 2008; Turner et al., 2003) . Vulnerability is seen as depending partly on exogenous change occurring at various scales and partly on localized social capacity and technical infrastructure (Eakin, 2005; Leichenko & O'Brien, 2008) . In this view, exposure refers to the presence of and extent to which stressors -various changes occurring at different scales that Vulnerability to Multiple Stressors 3 cause stress -are experienced by a region, resource, or group (Marshall et al., 2010) . Sensitivity is the degree to which a system is affected by or harmed by exposure to a stressor (Marshall et al., 2010; Tuler et al., 2008) . Turner et al. (2003) suggest sensitivity is related to local social and environmental conditions. The combination of exposure and sensitivity define the potential impact of a stressor ( Figure  1 ). Adaptive capacity -which determines the ultimate impact of a stressor or the overall level of vulnerability -can be defined as "the ability to respond to challenges through learning, managing risk and impacts, developing new knowledge and devising effective approaches" (Marshall et al., 2010, p 5 ). An integrated view of social vulnerability requires an understanding of exposure -the types and extent of stressors that are facing the system -to inform assessments of adaptive capacity and adaptation plans (Brklacich et al., 2010) . In other words, comprehensive vulnerability assessments require examinations of "how?", "why?", and "to what?" people and communities are vulnerable. Turner et al., 2003; Marshall et al., 2010) In previous research on vulnerability, the impacts of biophysical and socio-economic stressors are often examined in isolation (Reid & Vogel, 2006 ). Yet, there is broad recognition that coastal communities are undergoing a wide array of changes -social, cultural, economic, political, and environmental (e.g., Blythe, 2013; McCubbin, 2013; Moerlein & Carothers, 2012; Ommer & Team, 2007; Perry et al., 2010; Perry et al., 2011; Tuler, 2008; see Zou & Vulnerability to Multiple Stressors 4 Wei, 2010 for a review). Coastal communities are particularly sensitive to the impacts of climate change, which has led to increasing storm events, storm surges, and erosion and impacts on infrastructure, saltwater intrusion into freshwater areas, impacts on ecosystems and species that are important for livelihoods, and changes in seasons and rainfall patterns leading to less predictability (see McClanahan & Cinner, 2011) . Explicit recognition of multiple stressors and socio-economic stress is essential for successful adaptation planning and policy (Hjerpe & Glaas, 2012) . The theory of "double exposure" recognizes that there are multiple stressors that are simultaneously impacting individuals, communities, groups, or sectors and interacting to produce both positive and negative outcomes (Leichenko & O'Brien, 2008; O'Brien & Leichenko, 2000) . Most work in this area focuses on the dual impacts of stressors related to economic globalization and global environmental change (Eakin, 2005; Leichenko & O'Brien, 2002; O'Brien et al., 2004) . However, some authors apply the term more loosely to refer to the coupled impacts of global environmental change and any other socio-political changes that are occurring or simply discuss multiple stressors Mubaya et al., 2012; Reid & Vogel, 2006) . Double exposure theorists also point out that there are differential impacts of stressors -i.e., that some individuals, groups, households, or communities may be more or less exposed to, sensitive to, or able to adapt to one or multiple stressors (O'Brien & Leichenko, 2003; Tuler et al., 2008) .
Figure 1 -Vulnerability as a function of exposure and sensitivity to stressors and adaptive capacity (Adapted from
In proposing the "double exposure" framework, Leichenko and O'Brien (2000) identified the need for both qualitative and quantitative analysis on exposures including case studies, comparative work, and cross-scalar examinations. Though a growing body of work on multiple exposures and double exposure has emerged since 2000 (e.g., Mubaya et al., 2012; Paavola, 2008; Silva et al., 2010) , Zou and Wei (2010, p 919) suggest that there is still a "tremendous gap between conceptual theoretical work on vulnerability and empirically based case studies." Indeed there are still relatively few examinations of how global environmental changes are experienced by local social systems, individuals, or communities with the focus instead being on clarifying uncertainties in global to regional models (Barnett et al. 2010) , which "capture neither the complex experiences nor the uneven distributions of vulnerabilities within heterogenous communities" (Brklacich et al., 2010, p 47) . Bunce et al (2010, p 408 ) also argue that "There is a critical need to investigate and illuminate how these multiple stressors may affect the ability of households and communities to respond to climate change, and how it will affect their ability to secure and sustain livelihoods, future well-being, and life opportunities." These authors all argue for increased focus on place-based analysis and echo earlier writings suggesting the need to focus on the perspectives of "the vulnerable" (Chambers, 1984; Chambers, 1995; Eakin, 2005) . Holistic understandings of vulnerability have also lead social scientists to explorations of human perceptions (Brklacich et al., 2010) . A focus on local perspectives in vulnerability and adaptation research is apposite since perceptions of risk can determine adaptation or coping measures and lead to actions to reduce risk (Mubaya et al., 2012; Tuler et al., 2008) . Furthermore, a focus on structural causes, impacts, or responses to change suggests a passive or static understanding of vulnerability -which deemphasizes human agency and the role that this plays in mediating and responding to stressors or changes. Differentiating between the perspectives of different groups is also important for understanding how they are differently impacted by change. Our reviews of previous literatures in the field show there has been limited empirical study of either the multiple stressors that are being experienced by coastal communities from the perception of local people or the differential impacts of these stressors.
Context

Andaman Coast of Thailand
Coastal communities on the Andaman coast of Thailand have experienced rapid socio-economic and biophysical changes over the last few decades due to a variety of factors. The 500-kilometer stretch of coast, situated between Malaysia and Myanmar on the Bay of Bengal and encompassing approximately Vulnerability to Multiple Stressors 5 116,000 km 2 of marine area is recognized as being ecologically significant and high in biodiversity and productivity with important areas of seagrass, coral reefs, and mangroves (Juntaroshte, 2005; World Bank, 2006) . The six coastal provinces on the Andaman coast were home to over 2 million people living in several larger centers and over 1800 villages, including 621 fishing villages (Panjarat, 2008) . Livelihoods in the region consist mainly of fisheries, agriculture and plantations, and tourism.
At a national level, Thailand has experienced rapid economic growth and expansion of industries with annual growth of exports exceeding 30% annually during the 1990s and rapid growth of foreign investments (Leinbach & Ulack, 2000) . According to the World Bank, Thailand's Gross National Income (GNI) per capita has risen from US$1870 in 1992 to US$4420 in 2011 (World Bank, 2012) . The 2004 Millennium Development Goals Report for Thailand shows that overall well-being has rapidly improved -particularly in the areas of poverty, gender equality, HIV/AIDS, and malaria -but points out that disparities persist and that rural regions in particular still need improved infrastructure, education, and health programs (UNDP, 2005) . Partially as a result of economic growth and opportunity, Thailand, like much of Southeast Asia, has experienced rapid urbanization and internal migration and in-migration (Leinbach & Ulack, 2000) . Politically, recent years have seen a significant number of changes of power in Thailand -which has often resulted in political unrest and demonstrations in Bangkok (Baker & Phongpaichit, 2009) .
Rapid economic and population growth in Thailand has long threatened the health and productivity of the environment (Rigg, 1995) . The main threats to the marine environment on the Andaman Coast include degradation of habitats, overexploitation of resources, and pollution (BOBLME, 2010). Extensive commercial fisheries and small-scale fleets that serve both domestic and international markets have lead to overfishing for the past few decades and caused fisheries declines in territorial seas on the Andaman (see Panjarat, 2008) . Partially in response to changing environmental conditions, a system of 18 marine protected areas under national jurisdiction were created in this area (World Heritage Nomination Document, 2010) . Alongside the other environmental changes, climate change is already having very real impacts in the region and it is projected that climate change impacts will increase. For example, Thailand's coral reefs have experienced coral bleaching events in 1991, 1995, 1998 and in 2010 a severe coral bleaching event resulted in between 25-99% mortality of corals across reefs in the region (Phongsuwan, 2011) . Regional models and forecasts suggest that climate change will result in increased maximum and minimum temperatures (greater than 3 0 C), more warm days, increased precipitation (8%), more intense rainfall in the rainy season, and longer dry seasons (START, 2010) . Sea level is expected to rise by 1-2mm annually (Unnikrishnan & Shankar, 2007) . This region was also impacted by the 2004 tsunami, which had a significant physical impact on some coastal communities and also brought relief and reconstruction efforts (along with associated NGOs, church groups, foreign aid and corruption) and for some communities brought about shifts in livelihoods (Lebel, Khrutmuang & Manuta, 2006) .
Study Sites
This study used a multiple case study approach. Seven communities were chosen for insight on the basis of the following criteria: proximity to a marine protected area, diversity of livelihood portfolios, range of levels of dependence on fishing for livelihoods and subsistence, varied levels of wealth, proximity to a variety of marine habitat types including mangroves, coral reefs, and seagrass areas, different ethnic groups and population sizes (see Table 1 and Table 3 ). All of the communities chosen were on islands. Financial and temporal feasibility were also taken into account when choosing the number of communities and the choice to conduct an insight-based rather than a generalizable study. The multiple case study approach used in this study allowed for a comparison of households and communities with different livelihood mixtures, ethnic backgrounds, and ecosystem dependencies but generalizability cannot be assumed. The seven communities included in this study are Baan Tha Khao 
Figure 2 -Map of Study Sites on the Andaman Coast of Thailand
Baan Tha Khao is situated in Ao Phang-Nga on the small island of Koh Yao Noi, is a small community (pop. 486; Koh Yao Island Health Centre) primarily Muslim community that relies on fishing, rubber tapping, and tourism for livelihoods. Locals tend to own their own boats for fishing, land for rubber, and bungalows for tourism rather than working for other people. Fishers from Bhan Tha Khao primarily fish near a number of reefs in Ao Phang-Nga. Due to the popularity of the karst formations (including James Bond Island popularized after being included in the 1974 movie Man with the Golden Gun), beaches and snorkeling in Ao Phang-Nga, the "floating" Muslim community of Baan Koh Panyee (pop. 1440; Community Health Centre) has become highly dependent on day-trip tourism through sales, restaurants, and sea canoe tours. The island can receive as many as 1000 tourists in a day (interviews) with the national park in which it is situated receiving up to 202,808 visitors annually (World Heritage Nomination Document 2010). Fishing and fish-cage aquaculture remain important livelihoods for a smaller portion of the community.
After Baan Pak Jok was destroyed in the 2004 tsunami, Lions International built the village of Baan Lions (pop. 57; Ko Phrathong Health Centre) further inland on Koh Phrathong with a pier in a nearby mangrove canal. Currently, only 44 of the 165 houses in the community are occupied and the school is not in operation. For many inhabitants, finding employment is a problem with the majority of the remaining population working in fishing, tourism, and agriculture. There is also a growing communitybased tourism group that has been supported by Andaman Discoveries and Mangrove Action Project (see Andaman Discoveries 2012). About 4 kilometers away via motorbike track on Koh Phrathong, Vulnerability to Multiple Stressors 7 Baan Tapae Yoi (pop. 119; Ko Phrathong Health Centre) is a community of mixed Buddhist and Moken ancestry that was not heavily impacted by the tsunami. Many residents still rely on fishing but they are increasingly reliant on wage labor.
The resident population of Baan Koh Chang (pop. ~300; key informant interview) is primarily involved in agriculture (rubber and cashew plantations) and small-scale tourism development (bungalows on the beach) with fewer households relying on fisheries. Situated at the far northern end of Koh Chang, Baan Moken (pop. ~175; key informant interview) was built by a Christian missionary group from the United States in conjunction with a Christian group from Thailand after the tsunami. The community is occupied by a group of stateless Moken -a nomadic indigenous group that lived on the Andaman coast between Myanmar, Thailand, and Malaysia (see Arunotai 2006; UNESCO 2007) . Though their previous village on Baan Koh Lao had been little effected by the tsunami, the new community allowed a segment of the population from the over-crowded old village to claim new homes on the island. This also allowed them to "escape" from previous working arrangements and indebtedness to a wealthy Thai family on Baan Koh Lao (anonymous interviewee). Most of the community relies on crab fishing on several nearby reefs, collection of recyclable plastics, and subsistence harvesting in mangrove areas and on nearby islands. Finally, Baan Koh Sin Hi (pop. 1775; Community Health Centre) is located on an island north of Koh Chang and west of Ranong city near the unresolved maritime border with Myanmar. This community contains a mixture of people of Malaysian, Thai, and Burmese descent who rely primarily on fishing -often across the border in Myanmar -and temporary out-migration to do wage labour in construction and agriculture. 
Methods and Sampling
This study used a mixed-methods approach, including both qualitative interviews and quantitative surveys. Interviews were structured around this study's broader themes: the impacts of social-ecological change on communities, the adaptive capacity of communities to change, and the impact of marine protected areas on communities (Bennett, 2013; Bennett & Dearden, 2013a , 2013b Bennett, Dearden, Murray & Kadfak, in press ). Part of the interview focused on the types of social and ecological changes that were being experienced by households and communities on the Andaman coast. Participants were also asked to specify if the changes had a negative or positive impact on their households or the Vulnerability to Multiple Stressors 8 communities. Negative changes -or stressors -that emerged during these interviews were coded thematically and incorporated into the survey.
The survey part of this study included a random sample of households in each of the 7 communities. Due to shortages of household lists or community maps, household maps were hand-drawn for each community. A member of our survey team who was not familiar with the community would then randomly select every n th house. By selecting the n th house spatially across the community map, we were able to include households from different ethnic, livelihood and family groupings who were generally located in spatial clusters. Depending on size of the community, we selected between every 2 nd to 5 th house to obtain a reasonable sample size. Surveys were conducted with one person in the household (the interviewee) based on availability and self-selection.
The survey questions included individual (e.g., interviewee's ethnicity, age, gender, occupation) and household level characteristics (e.g., household income, assets, livelihoods, ethnicity, number of people), various indicators of adaptive capacity, and perceptions of the effects of national parks on the community. One aspect of the survey focused specifically on the perceived level of impact of the stressors on household livelihoods using the list of coded stressors that emerged from the interviews. Survey participants were asked to rate a list of 36 stressors (see Figure 3 ) on a Likert scale from 1-5 where 1 = no impact, 2 = very little impact, 3 = medium level of impact, 4 = high level of impact, 5 = very high level of impact, and 6 = don't know. Prior to conducting the surveys, all sections were translated from English to Thai and back-translated by a different translator from Thai to English to ensure accuracy. Discrepancies were rectified and an additional stage of forward and back translation was done. The surveys were also pilot tested in two different communities and changes were made to the survey based on feedback of test participants and surveyors. For example, at this stage we excluded "tsunami" from the list of stressors as test participants suggested that the tsunami was manifold times more impactful than any of the other stressors and surveyors felt that it would skew the results. Surveys were conducted by trained Thai field staff. The field staff completed the paper surveys and then doublechecked their results after each field visit.
Paper surveys were coded and entered in an electronic format by a data entry company and 10% of the surveys were double-entered to ensure accuracy. After data entry, the survey data was imported into SAS v9.1 (SAS Institute, Carey NC) for additional data cleaning and all subsequent analysis. Descriptive statistics were generated for each individual survey interviewee and for household level characteristics. For each stressor, mean scores for all participants and sites were calculated to determine generalized impacts. Subsequently, means scores for each community were calculated and compared using ANOVA to explore how community, household and individual level factors relate to perceived impacts. A range of household and individual characteristics (see Appendix A for details) -including household most important livelihood by income, household dependence on fisheries livelihoods, household income, number of household appliances, household land ownership for livelihood purposes, primary occupation of interviewee, age of interviewee, gender of interviewee, level of formal education of interviewee, occupational mobility of interviewee, individual mobility of interviewee, social capital or level of community involvement, and number of climate change information -were also considered as possible predictors of stressor scores using regression (for continuous predictors) and ANOVA (for categorical predictors).
There were several limitations to this research approach. The first is that due to the emergent nature of the research using interviews with a purposive sample we may have missed some stressors. A later participatory stage of research, for example, pointed to several internal socio-economic stressors that were not included in the survey. This included internal population growth, outmigration of youth, changes in regional governance structures, and centralization of wealth and power within communities (Bennett & Dearden, 2013a) . A second limitation is the non-random or comprehensive sample of communities used during the survey, which limits the generalizability of the results. Finally, the wording of several stressors -e.g., "government policies" -may have been unclear.
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Results
Interview Results: Emergent Socio-Economic and Biophysical Stressors
We conducted a series of 23 small group community interviews (2-5 people) and 85 individual interviews with a purposive sample of community leaders (n=22), community group leaders (n=5), community members (n=35), as well as NGO (n=7), academic (n=3), and government agency (n=10) representatives from outside the community along the northern Andaman coast of Thailand.
Stressors that emerged from the interviews were characterized as either socio-economic or biophysical. Socio-economic stressors were further categorized under social, economic, or governance and conflict. Social stressors mentioned by participants included the in-migration of people (especially foreign workers) to the area and household health issues. The main economic stressors included rising costs of living, for livelihood supplies, and of gas as well as declining prices and demand for livelihood products. Both rising costs and increasing demands are related to increasing levels of household debt, which may partially be caused by increasing material desires and resultant purchases beyond means. Pertaining to governance and conflict, many types of conflicts were described by participants, including between communities, between groups of small-scale fishers, between small-scale fishers and commercial fisheries, between communities and outside business people encroaching on land, between fishers/harvesters and the tourism industry, within communities, and with fishers who were fishing illegally. Fishers, or their family members, described being arrested or having gear taken when travelling across the border to fish in Myanmar. Interviewees also mentioned various national level policies, including fisheries gear restrictions, declining agricultural subsidies, a focus on only rubber development, and an emphasis on large-scale tourism development, that negatively impacted local development outcomes. The marine national parks were also seen to restrict local livelihoods both on land and at sea. Unrest in Thailand following changes in national governments was also seen to have a negative impact on tourism.
Biophysical stressors were categorized under climate change or environmental. Climate change related stressors mentioned by participants included flooding, saltwater intrusion, rising sea levels, coral bleaching, increasing precipitation leading to inflows of freshwater into mangrove habitats, erosion, changes in rainy and dry season, and increasing storm events. The last three stressors were mentioned the most often by participants -perhaps because they each had the most direct impact on community infrastructure and household assets or on livelihood outcomes. Storm events and seasonal changes were seen to particularly increase the risks for fishers, forcing them to make difficult decisions between loosing gear or endangering life and limb. Other environmental stressors discussed by participants included pollution and garbage in the ocean, sedimentation, landslides and overfishing. Overfishing was used synonymously with declines in fish and catches. Descriptions of the stressors (as they were described by interview participants) and analysis of the scale of the drivers causing the changes are shown in Table 2 . As mentioned previously, we chose to remove "tsunami" from the list of stressors as we felt that including this extremely impactful event would skew the survey results. Declines in the price that you can sell fish National Fish prices fluctuate at markets in nearby cities but prices to local fishers are often steady or declining. Nobody wants to buy the product I am selling
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Local to Global Market demand for livelihood products -agriculture, fisheries, tourism -declines and people cannot sell products. The price of rubber declining Global The price of rubber is declining after a historic high and period of heavy investment in the industry, which for many has led to significant household debt. The rising price of supplies needed to do my livelihoods
National to Global
The price of agricultural (fertilizers), fisheries (gear), and tourism (building supplies) inputs is steadily increasing.
The increasing price of gas Global The price of gas has been steadily rising over the last couple of decades due to global price increasing, leading to higher travel costs to mainland, market, and for fishing.
Rising cost of living
Local to Global The price of household needs, including food, is increasing. At the same time local desires for material goods is on the rise. Increasing levels of household debt Local to Global Related to all of the previous economic stressors -economic gains (incomes) are not keeping pace with outputs (expenditures).
Social
More people moving into the area Regional to Global Economic opportunities in Thailand are leading to significant regional in-migration of labor and localized in-migration of people. The first is leading to ready supplies of cheap labor, undermining reliance on local labor. The second is driving prices up. Health problems of members of your household Local Individuals with health issues in the household are likely unemployed and financially dependent.
Governan ce and Conflict
Commercial fishers coming into inshore waters (within 3000 meters) National to Global Commercial trawlers, squid boats, and seiners fish within the 3000 meter limit reserved for small-scale fishers. Enforcement is limited or nonexistent. Conflict with other small-scale fisheries or fishers Local and regional Small-scale fishers from different communities or using different gears come into conflict with each other due to gear loss, gear damage, or gear theft. Spatial limits, when in place, are not enforced. Exclusion from doing livelihoods in certain areas because of tourism industry Local to Global Fishers, gleaners, and others are disallowed to enter or harvest in areas where there are resorts or that are used by national and international tourists. Trawlers taking or destroying my gears National Commercial trawlers fishing inshore can snag and destroy fishing gears, including traps and set nets. Destructive and or illegal fishing practices Local Local norms and values and middlemen providing illegal gears can lead to destructive or illegal practices. Getting arrested when traveling across the border to fish National to Regional Less fish in Thai waters can lead fishers to risk fishing on the Burmese side of the border leading to arrests by the Burmese navy.
Gear or boat being taken when traveling across the border to fish National to Regional Same as above. Burmese officials extort money and gear from fishers on the water or hold boats for payment after releasing those arrested.
Conflict within the community
Local to National Internal divisions -familial, historical, leadership -and conflicts with district governance structures (i.e., tambon administration office) created by national government.
Conflict with other communities
Local to National Conflicts with other communities can be over land encroachment, fisheries, or district governance.
Corruption in Thailand
Local to National Perceptions of corruption included with individuals, sectors, or levels of government -effects individuals (property destruction or loss), communities (infrastructure), and sectors (small-scale fisheries). Land encroachment in the area Local to Regional Outside business and local people encroach into public and private land for agricultural and tourism purposes. National government policies National National government creates policies that negatively impact fisheries (rights, gear restrictions), tourism (focus on large-scale dev.), and agricultural (reducing subsidies, focus on single crop -rubber) development. The national park Local to National Implementation and management of national park impacts fishers' livelihoods and loss of land for livelihoods. The change of national governments National Leadership changes lead to unrest and leads to declines in tourists and ineffective governance. Biophysi cal
Climate Change
Extreme weather events such as storms Global There are more storms per year and stronger storms than there used to be. Changes in rainy and dry seasons or changing rainfall patterns
Global
In the past, dry and rainy seasons used to be more defined -it would only rain in rainy season, there were few sunny days in dry season. Now weather is less predictable making it harder for agriculture (e.g., can't grow cashews anymore, rubber tapping) and fisheries (loss of gear in storms during dry season, more risk).
Coral bleaching
Global Increased water temperature leads to bleaching and mortality of corals, affecting fisheries and tourism. Increased freshwater in mangrove areas making water less salty
Global
Increasing rains and storms, especially during wrong season, lead to mortality of crustaceans and bivalves.
Rising sea levels compared to the past Global Sea level is higher than it used to be leading to increased erosion and it is going above current walkways and floors -cause unknown. Salt water coming up in drinking water or agricultural water sources
Individual households, tourism businesses, and agricultural areas had experienced brackish water in wells or agricultural sources.
Coastal or beach erosion
Local to Global Localized removal of mangroves, increases in storminess, and rises in the ocean lead to erosion threatening houses, land, and infrastructure. Flooding
Local to Global Localized flooding caused by outflow from rivers after storms combined with unusually high tides in monsoon season.
Environmental
Increasing of sediments in the waters Local to Regional Sedimentation in coastal waters stems from agricultural practices, logging, coastal development, aquaculture, mangrove destruction, erosion, and sand/gravel mining in Burmese waters. Overfishing Local to Regional Population growth, increasing numbers of fishers, more numerous and efficient gears, increasing technology on commercial vessels, commercial vessels coming into inshore waters are leading to overfishing. Increased garbage in the ocean Local to National Increasing garbage in the ocean from boats, tourists, islands, fishers (gears), and regional cities interferes with tourism and fisheries. Landslides Local Clearing of forests and plantations leads to landslides and damage to housing and infrastructure. More pollution in the ocean Local to Regional Polluted water coming from boats and regional ports scares the fish away and damages the environment.
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Survey Results: Household and Individual Characteristics
Initially between 21-34.9% of households in a community (n=279) were selected to participate but fifteen percent (n=42) of households did not complete the survey due primarily to absence, not wanting to participate, or relocation. In total across the seven communities, 237 households were surveyed, which included between 11 and 64 households per community (18.5-34.9%) (see Table 1 ). We present descriptive results here for household (Table 1) and interviewee characteristics (in text) for factors that were considered as potential predictors of perceived stressors (see also Appendix A).
Some characteristics of the interviewees (the individual who completed the household survey) are provided here. Interviewees were predominantly female (n=140/237, 59.1%) and the overall mean age was 42.1 years (min=14.0; max=72.0). The primary occupation of the interviewees were 24.9% other (government employees, store owners, informal recycling, vocational, construction), 19.8% fisheries, 17.7% subsistence, 14.8% tourism, 13.5% agriculture or plantations, and 8.9% student or unemployed. Almost half (47.7%) of interviewees had only completed between Year 4-6 of formal education while 17.3% had finished less than Year 3 and the remainder had completed middle school or higher. On average, interviewees had held 2.3 different occupations in the past 10 years with 60% of respondents holding 1-2 occupations and 38% holding 3 or more during this time period. The mean number of years that interviewees lived in the community in all sites was 27.3 years with a community mean minimum of 4.8 years in Baan Moken due to it being a post-tsunami community and a mean maximum of 33.8 years in Baan Koh Panyee. Across all communities, interviewees participated in an average of 0.6 community organizations in the following ways: attend and listen (64.6%), attend and speak (34.6%), active member (40.1%), member of committee (11.8%) and elected leader (5.9%). The majority (78.9%) of survey participants had learned about climate change from at least one source. Overall, all participants had learned about climate change from an average of 2 different sources -with television (67.9% of participants), radio (34.2%), other (22.8%), friends and family (15.2%), community leaders (11.4%) and newspapers (11%) being the most important sources of climate change information.
Households had an average of 4.4 appliances from a list that included clay stove, gas stove, cell phone, radio, television, fridge, computer, and air conditioner. A total of 52.3% of households indicated that they owned land for livelihood purposes. Household incomes were further analyzed at the community level. Mean annual incomes (Table 3) ranged from $2,968USD/year in Ban Moken to $10,068USD/year in Ban Koh Panyee (p<0.001). Income (community mean) from fisheries ranged from $510USD/year to $2,477USD/year. Yet results for the survey question: "household most important livelihood in terms of income", across all the communities, indicated fisheries at 35.4% (min=6.7%; max=81.8%; sig. diff=<.001), then tourism at 22.8% (min=0%; max=39.6%; sig. diff.=<.001), then other (i.e., govt. worker, store, recycling, construction) at 19.8% (min=9.1%; max=26.7%; sig. diff. =<.001), then agriculture and plantations at 11.8% (min=0%; max=38.7%; sig.diff.=<.001). The other households relied on subsistence-based livelihoods (0.8%), were unemployed (7.2%), or were not specified (2.1%). Finally, though economic dependence on fisheries was declining among households subsistence needs remained high with 72% of households across all communities eating seafood 5 or more nights of the week. 
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Survey Results: Impacts of Stressors on Households
The mean scores of the impacts of stressors revealed some interesting results (see Figure 3) . First, the mean scores of socio-economic stressors showed great variability (lowest=1.4; highest=4.16; average=2.54) but the highest rated stressors were related to economics. Governance and conflict indicators were not as highly rated -remaining within the 1.4 to 3.02 range (average=2.09). The only governance and conflict stressor rated higher than 3 was "commercial fishers coming into inshore waters". Though it was discussed quite often in the interviews, quantitative results suggest that the national (marine) park -rated at 2.31 -contributes only marginally to overall household vulnerability. Social indicators were rated between 2.37 and 2.83 (average=2.6) -with "health problems of members of your household" being the highest ranked social stressor. Economic stressors received much higher ratings overall with a range of 2.29 to 4.16 (average=3.43) and 5 out of 7 stressors being rated higher than 3. "Rising cost of living", "The increasing price of gas", and "The rising price of supplies needed to do my livelihoods" were ranked highest at 4.16, 4.05, and 4.02 respectively. Stressors related to market demand -including "Nobody wants to buy the product that I am selling", "Declines in the price that you can sell fish", and "The price of rubber declining" -were rated lower at 3.39, 2.96, and 2.29. "Increasing levels of household debt" was rated at 3.11. Secondly, biophysical stressors showed less variability (lowest=1.61; highest=3.96) but were rated slightly higher overall (average=2.84). Five of the seven climate change related factors (lowest=2.19; highest=3.96; average=2.84), including "coral bleaching", "coastal or beach erosion", "salt water coming up in drinking water or agricultural water sources", "rising sea levels compared to the past", and "increased freshwater in mangrove areas making water less salty", were rated between 2 and 3. However, "changes in in rainy and dry seasons or changing rainfall patterns" and "extreme weather events such as storms" were rated higher at 3.46 and 3.96 respectively. Other environmental factors were rated between 1.61 and 3.64 (average=2.85). "Increased garbage in the ocean" was rated highest at 3.64 and Vulnerability to Multiple Stressors 13 "increasing of sediments in the waters" was rated second at 3.18. "Overfishing" and "more pollution in the ocean" were both rated at 2.91.
Survey Results: Modeled Impacts of Stressors
Modeled impacts of community and individual and household characteristics (defined in Appendix A) on perceptions of stressors showed that community as well as individual and household livelihoods were the most significant predictors overall (see Table 4 -Note that the direction of impacts as shown in Table 4 can be understood as follows: An upward arrow indicates a relationship between an increase in the predictor and a corresponding increase in the impact of the stressor; a downward arrow indicates an increase in the predictor corresponds to an decrease in the perceived impact of the stressor.). Otherwise general relationship patterns between household and individual characteristics and perceptions of stressors were somewhat unclear. Community was the strongest predictor for the most stressors (15 stressors with p<.01 and 4 stressors with p<.05-.01) , specifically stressors related to perceived impacts of economic prices, fisheries conflicts, and climatic changes.
The household's most important livelihood by income was a significant predictor for perceptions of many stressors, particularly those stressors directly related to livelihoods (e.g., prices, fisheries conflicts, overfishing). For example, households with a dependence on fisheries-based livelihoods had an increased perceived impact of the price of fish and households with a strong dependence on agriculturebased livelihoods had a higher perceived impact of the price of rubber (results not shown). Households that indicated they were primarily dependent on fisheries-based livelihoods were also more concerned about the price of gas. Households dependent on tourism were more troubled by interest in their product and flooding. The level of household dependence on fisheries for livelihoods (by level of income from fisheries) was significantly related to perceptions of increased impacts from a number of stressors including the price of fish and fisheries-related conflicts as well as extreme weather events and overfishing. Higher household incomes were related to higher anxiety about interest in products, intracommunity conflict, and overfishing and lower anxiety about several fishing related stressors perhaps reflecting greater resilience of those with higher incomes. Concerns about the price of fish, trawlers, and cross border arrests were lower for those households with more appliances. Yet households with more appliances were often more concerned about conflicts and governance, in-migration, increasing debts, market interest, and prices of rubber. Land ownership for livelihoods led to more concern about government policies, changes in seasons and rainfall, levels of debt, the price of rubber, and commercial fishers and less anxiety about fish prices and health problems.
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The primary occupation of the interviewee also influenced the perceptions of many stressors, including increasing concerns about specific livelihood-related stressors. Individuals who identified in fishing-based livelihoods indicated an increased for stressors that were fishing related. Those interviewees with primary livelihoods of subsistence, fisheries, and other were more concerned about extreme weather events than those most dependent on tourism and agriculture and plantations. Interviewees dependent on tourism or who were unemployed were the least anxious about the price of gas. The price of supplies was the highest concern for those with primary livelihoods of other, tourism, and subsistence. Older interviewees were marginally (p<.05-.01) less worried about in-migration, crossborder fishing, intra-community conflict, changing governments, storms, and salt water in freshwater sources. A number of stressors showed a relationship with gender -women tended to be more concerned about economic costs, the impact of health of their family members, extreme weather events, changing rainfall, flooding, sediments, and garbage whereas men were more concerned about things which related to fishing and their ability to conduct their livelihood. In general, the higher the level of formal education of the interviewee the more concerned they were about prices of rubber, levels of debt, and conflict and corruption and the less concerned they were about the price of fish and cross-border fishing. Interviewees with higher occupational mobility were less worried by a number stressors including landslides, saltwater intrusion, rising sea levels, weather events, land encroachment, and the outcomes of cross-border fishing. Individuals with less mobility -i.e., those who had lived in the community longerwere more anxious about in-migration, the cost of living, rising debts, the price of rubber, the national park, and market interest. Increasing levels of involvement in community organizations (social capital) was related to higher scores for coastal or beach erosion and saltwater intrusion as well as a number (7) of factors related to governance and conflict. Finally, the number of sources from which interviewees had learned about climate change was related to increased concern about coral bleaching but did not influence levels of concern about other climate change related stressors. 
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Discussion
The qualitative results from interviews showed the multiple stressors that communities are experiencing. The 36 stressors that emerged from the interviews were categorized as socio-economic stressors (i.e., social, governance and conflict, economic) and biophysical (i.e., climate change and other environmental). The stressors identified in this case study are not unique to this locale (Zou & Wei, 2010) . The rating of these stressors through a household survey demonstrated that certain stressors were perceived to have a higher impact -particularly economic stressors and some climatic and environmental stressors -than others. These results suggest that both some climate change stressorsextreme weather events and changes in weather patterns -and economic globalization -through shifting commodity prices and market demands -are being felt profoundly by coastal communities in Thailand, which is a significant concern as both processes are likely to continue and to accelerate (O'Brien & Leichenko, 2000) . Thus these results could be seen as confirmatory of a "Double Exposure" scenario (i.e., Leichenko & O'Brien, 2008) ; yet, clearly the wider array of stressors that emerged from interviews suggest that "multiple exposures" is a better term. Our results showed that economic considerations were scored higher than climate change stressors, which differs from several other studies from very different contexts that have rated climate change as the most impactful stressor Mubaya et al., 2012) . The high scores associated with rising costs and debts suggest that in Thailand, despite increasing economic opportunities, incomes in coastal communities may not be keeping pace with the rising costs associated with livelihoods or households. Similarly, Tuler et al (2008, p.177) comment that "the cost of fuel, insurance, gear, and bait have all gone up, while the price for fish has not" for US fishers. Additionally, increasing household costs may be as related to increasing local desires and expectations as to increasing costs at both the local (e.g., water, food) and global (e.g., gas, food, supplies). Marine protected areas and resource conservation measures, other studies have shown, can add increased stress to local communities whereas in this study MPAs were perceived to have a fairly low amount of stress. This might, however, be due to the limited enforcement of MPA regulations in the Thai context. Finally, it was unexpected that "overfishing" did not score higher, perhaps this is because major fisheries declines are already a distant artifact (Panjarat, 2008) .
Modeled impacts of community, individual characteristics, and household characteristics showed that community and livelihoods had the most consistent impacts on perceptions of stressors. It is not surprising that there were significant differences across communities since they were chosen for heterogeneity; however, even while choosing communities we were struck by the vast differences between communities that were only 10 kilometres apart so this difference would have likely persisted with a more randomized sample. Livelihoods groups (across all communities) had different perceptions which were often related to particular stressors that would impact that livelihood directly -for example, local small-scale fishers were more concerned about commercial fishers whereas tourism operators were more concerned about flooding -while all groups were equally anxious about stressors such as the cost of living or the cost of livelihood supplies. These results suggest that greater diversity in livelihoods, rather than reliance on a single livelihood, would reduce vulnerability to individual stressors and increase overall adaptability. We expected to see more clearly differentiated responses to stressors by specific groups other than households or livelihoods as suggested by several authors (Brklacich et al., 2010; O'Brien & Leichenko, 2003 ) -for example, genders or socio-economic groups -however, these differences by group were not particularly distinct. We were also surprised that increasing involvement in organizations (i.e., social capital) was related to increased concern about conflicts and governance but that it did not lead to significant differences in perceptions across all economic stressors and most biophysical stressors. This may also be because formal organizations are responsible for addressing Vulnerability to Multiple Stressors 18 conflicts or governance issues whereas informal social organization and communication plays a more significant role in leading to collective or shared understandings of economic and environmental woes.
Various authors have suggested that multiple stressors may further increase vulnerability and undermine the adaptive capacity of households and communities faced with the impacts of climate change. Since it was beyond the scope of this research to examine how the various stressors interact, we will extrapolate on these findings to explore how the interaction between stressors influences the ability of households and communities to adapt. First, economic difficulties or stressors may lead individuals, households or communities to abandon or ignore environmental risk mitigation behaviors (see also Eakin, 2005) . In particular for fishers, climate change affects them both on land and at sea and may exacerbate dangers faced at sea (Tuler et al., 2008) . Economic stress may lead to decisions -such as making shortcuts on boats, housing, or infrastructure or risking life, injury, or loss of property through continuing to work in hazardous conditions or attempting to rescue valuable gear (nets or traps) from impending storms -that may make individuals and households more vulnerable to environmental stresses over the longer term. Climate change stressors that households rated as having a high level of impact -i.e., storm events and changing seasons -tend to be more random and less predictable making it harder to plan for these events. For households that are already impoverished or vulnerable, a sporadic climate related event that impacts a house or a boat, leads to the loss of fishing gear, or causes injury would likely lead to increasing household debt, impoverishment, or overall vulnerability. Rising debts and costs may also constrain people's abilities to take actions even when based on knowledge of impending climatic events -for example through radio forecasts.
Secondly, the other stressors identified during this research that were rated lower in the surveys -i.e, governance and conflict, social, and other environmental -would also increase vulnerability and decrease adaptive capacity. Health issues or persistent conflicts within a community would add to the stress experienced by households. Pollution, sediments, and garbage challenge the health and productivity of ecosystems and thus the viability of fisheries and tourism livelihoods. Many interviewees also discussed how the post-tsunami reconstruction efforts were rife with corruption or how even smaller infrastructure projects did not get completed due to corruption. Corruption has major implications for adaptation policy and projects, particularly where large sums of money from outside donors or international transfer payments are concerned. Some of the stressors that were less highly rated (quantitatively) in the survey may also be more qualitatively important or impactful. For example, corruption or commercial boats fishing in areas reserved for small-scale fishers are highly emotive topics that lead to a sense of injustice or anger whereas economics and climate change may be more emotionally distant. These emotive responses may influence what communities (and higher level governments) discuss and plan for, which may undermine their ability to adapt to less blameworthy but more quantitatively important stressors. Economic stressors may also be ranked higher because financial concerns are a daily reality that impinges directly on a household's ability to purchase daily needs or pursue livelihoods rather than a sporadic climatic shock such as a severe storm or creeping environmental trends such as erosion or fisheries declines.
Third, economic stressors combined with biophysical (environment and climate change) stressors may be leading to significant declines in quality of individual and community life particularly for more vulnerable households and communities with less options. Qualitative results support this assertion. For example, many interviewees commented that the rising price of living means that people need to work harder and longer than they used to make ends meet. Increasing costs combined with environmental declines (e.g., fisheries) and climate stressors have led many fishers to fish longer or to engage in additional livelihoods. Observed impacts of these changes included more hours spent working, decreasing free time, less sharing within the community, and declines in voluntarism and civic engagement (unpublished data). Finally, the impact of climatic and environmental stressors on marine ecosystem services likely has a significant influence on individual well-being (e.g., physical, mental Vulnerability to Multiple Stressors 19 health, inspiration, identity; see Russell et al., 2013) and community economies and social functioning (see Bennett & Dearden, 2013a) .
There are a number of important implications of the results and discussion presented in this paper for future research, policy and practice. Most importantly, the presence of multiple stressors needs to be taken into account in the planning of adaptation policy and programs and for the design and prioritization of adaptive strategies to reduce overall vulnerability. This requires a nuanced qualitative and quantitative understanding of the types, severity, and impacts of these stressors as they are experienced by people in different communities, groups, industries, and regions. Thus, we reiterate calls for increased empirical studies that focus on double and multiple exposures with an additional focus on the perceived and experienced interactions between the stressors -and between social and ecological systems. The measurement of perceptions, as in this study, of multiple stressors may be a useful proxy when doing rapid rural assessments or could be done in conjunction with an array of other technical or participatory assessments. We also recommend the development of comprehensive vulnerability frameworks that bring together previous research on the many stressors that communities are experiencing in many different environments to act as checklists for future qualitative or quantitative explorations or for practical use in vulnerability, adaptive capacity, or adaptation projects. Three additional areas for research are: 1) to examine why some stressors are rated higher than others from the perception of local people, 2) to further clarify the role of various social, cultural, institutional, economic, and political factors in mediating the impact of and adapting to multiple (rather than singular) stressors and 3) to connect the stressors, as they are felt by local communities, more directly to the multi-scalar environmental, economic, and socio-political drivers that are causing them.
Conclusion
This paper offers a mixed-methods and perceptions-based exploration of the nature, magnitude, and differential impacts of the multiple socio-economic and biophysical stressors being experienced by coastal communities within a particular context. It presents 36 socio-economic (i.e., economic, social, governance and conflict) and biophysical (i.e., climate change and other environmental) stressors that are being experienced by coastal communities on the Andaman coast of Thailand and shows that economic and some climate change stressors -extreme weather events and changes in rainfall patterns and seasons -are perceived to be more impactful than other stressors. The paper also examines the relationships between community and various individual and household characteristics and the perceived level of impacts of the stressors. Overall, community and livelihoods had the most differentiated impacts on perceptions of stressors but few other prominent patterns emerged.
In conclusion, we posit that the presence of stressors occurring at multiple scales and the overall prevalence of stressors that are driven by changes occurring at higher scales, that are less predictable, and that shift the locus of control away from vulnerable groups affirms the need for programs of mitigation and adaptation that are occurring at multiple scales simultaneously (see also Brklacich et al., 2010; Ostrom, 2010) . We also concur with Eakin (2005 Eakin ( , p 1923 ) who states that "[t]he dominance of economic uncertainty over environmental risk in households' decision-making implies a continued role for government [and other external organizations] intervention in climate change adaptation". Indeed, there are many important places for outside programs, both from civil society and government organizations, that focus on reducing vulnerability and building adaptive capacity through contributing funding, strengthening national policy on adaptation and rural development, improving infrastructure, providing climate change education, facilitating contextualized adaptation programs, and diversifying livelihoods (see Bennett, Dearden, Murray & Kadfak, in press ). Additionally, the relative importance given to climate change stressors in this analysis suggests that adaptation to climate change (in conjunction with the multiple stressors facing communities) needs to be planned for now not at some distant point in the future. The widespread concerns about biophysical stressors made apparent in this
